Proprioception is a quality of somatosensibility that informs the central nervous system about the static and dynamics of muscles and joints. In muscles, the proprioceptive originates in the specialized sensory-organ-denominated muscle spindles. Nevertheless, facial muscles lack muscle spindles, but the facial proprioception plays key roles in the regulation and coordination of facial musculature and diverse reflexes. At the basis of these functional characteristics are the multiple communications between the facial and the trigeminal nerves, and neuroanatomical studies have demonstrated that facial proprioceptive impulses are conveyed via branches of the trigeminal nerve to the central nervous system. Substituting muscle spindles facial muscles contain other kinds of proprioceptors of variable morphology that display immunoreactivity for some putative mechanoproteins known to participate in proprioception (acid-sensing ion channel 2, transient receptor potential vanilloid 4, and Piezo2).
Introduction
The facial and trigeminal nerves are cranial nerves (CN) responsible for the motor and sensory innervation of the craniocephalic muscles and skin of the face, respectively. All the classic texts of Human Anatomy describe with detail the origin, branching patterns and anatomical variants of both trigeminal (CNV) and facial (CNVII) nerves, and it can be think that little new can be say of these nerves. Nevertheless, nothing so far from the reality since complexes communications exists between them. In fact, almost all the terminal branches of CNVII receive numerous communications from branches of CNV whose fibers accompany those of CNVII until muscles form sensorimotor units. Therefore, CNVII, at least at the terminal level, is mixed and no purely motor. Although studies in humans do not exist, the data collected from animal models indicate that the nerve fiber interchange is always from CNV to CNVII and not on the contrary [1] .
The skeletal muscles contain an intrinsic mechanosensory system, the proprioceptive system, which provides information to the central nervous system about static and dynamic conditions of joints and muscles [2, 3] . The proprioceptive inputs originate in specialized sensory organs (proprioceptors) present in muscles (muscle spindles [4, 5] ), tendons (Golgi's tendon organs [6] ), and joint capsules
An overview of CNV and CNVII
CNV and CNVII are both mixed cranial nerves that carry motor and sensory fibers responsible for both the sensory and motor innervation of the face, respectively. Moreover, CNVII and some branches of CNV contain preganglionic and postganglionic parasympathetic nerve fibers [18, 19] .
Trigeminal nerve: CNV
CNV is responsible for the sensory innervation of the face, both skin and mucosae, and the motor innervation of the craniocephalic muscles originated from the first pharyngeal arch. It apparently originates by two roots at the midlateral surface of pons that reach the Gasser's ganglion where it divides into three branches denominated ophthalmic (sensory CNV1), maxillary (sensory CNV2), and mandibular (mixed CNV3). The soma of the trigeminal somatosensory neurons is localized in the trigeminal ganglion (Gasser's ganglion), whereas the proprioceptive ones, i.e., those innervating craniofacial muscles, are localized in the nucleus mesencaphalicus nervi trigemini [18, 19] .
Facial nerve-CNVII
CNVII is responsible for the innervation and control of the movements of all the craniofacial muscles, with exceptions of jaw muscles. Moreover, it innervates some muscles in the neck and middle ear. The sensory territory of CNVII includes the anterior two-thirds of the tongue, a part of the outer ear skin, and the so-called Ramsey-Hunt's zone. CNVII originates at the pontocerebellar angle by two roots: the largest root motor and the smaller root sensitive (the so-called intermediate Wrisberg's nerve; N. intermedius). Both roots enter the temporal bone, continue through the facial canal and fuse, and finally emerge at the foramen stylomastoideum. Within the parotid gland, CNVII bifurcates into two primary trunks: larger temporo-facial and a smaller cervicofacial trunk. The two primary trunks form the parotid plexus and thus form connections along six distinctive anastomotic types in 44% of the cases [20] . Thereafter, from the parotid plexus originates five major branches (with wide variations): temporal (r. temporales), the zygomatic (r. zygomatici), the buccal (r. buccales), mandibular (R. marginalis mandibularis), and the cervical (r. cervicales) [18, 19, [21] [22] [23] .
Nevertheless, the peripheral branching and intercommunication of the facial branches were highly variable [24] . In our experience on 10 hemi heads we observed a different pattern of facial nerve branching between subjects and between right and left sides from the same subject. According to the Davis et al. classification [25] of the facial nerve based on the patterns of facial nerve branching, we observed that type II (6/10) predominates, followed by type IV (3/10) and type V (1/10). But independently of the type communicating branches between the different the main terminal branches of CNVII were found (Figure 1 ; [26] ). [42] .
In addition to the main primary branches mentioned above, in some cases an aberrant branch arose from the main trunk before bifurcation and numerous anatomical variants. Moreover connections between the facial nerve branches have been described [27, 28] .
The somatosensory and gustative peripheral neurons of CNVII are localized in the ganglion geniculatum, and their central branch terminates in the nucleus tractus solitarius of the brainstem. The motor axons originate from neurons located in nucleus nervi facialis. CNVII innervates the derivatives of the second branchial arch of the embryos, including facial muscles.
Communications between CNV and CNVII
CNVII exhibits a highly variable and complicated branching pattern and forms communications with several other cranial nerves, especially with branches of all three divisions of CNV [20, [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] .
The revision about trigemino-facial communications carried out by Hwang et al. [33] shows in cadaveric studies the highest frequency of communication of CNVII is with CNV2 (95.0% ± 8.0%), followed by CNV3 (76.7% ± 38.5%) and CNV1 (33.8% ± 19.5%). However using nerve impregnation methods, the communications reach 100% for CNV2 and CNV3 and 85.7% for CNV1 [39] . Interestingly, communication between the infraorbital nerve and the different branches of CNVII is regularly found just below the infraorbital foramen, forming the infraorbital plexus [30, 36, 42] . Another regular connection is between the mental nerve of CNV3 and the mandibular branch of the facial nerve [42] . On the other hand, CNVII can receive proprioceptive information from the cervical nerves which are frequency communicated (65.2 ± 43.5%; [33] ), as well as with the auriculotemporal nerve [34, 43] .
Interestingly, although independent of CNV, the connection between the great auricular nerve (composed of branches of spinal nerves C2 and C3) and CNVII trunk has been regularly observed (100%) [44] , which probably serves the platysma colli. Functionally, these communications consistently innervated some of the muscles of upper facial expression and presumably are also responsible of their proprioception. Anastomoses in the neck between the sensory transverse cervical nerve (C2 and C3) and the cervical branch of the facial nerve are common, but communications with more superior branches of the facial nerve are rare [45] .
Sensory innervation of the facial muscles
All the craniofacial muscles except the jaw ones are innervated by CNVII. To understand the proprioceptive innervation of the facial muscles, it is necessary to know as they are innervated by CNVII branches and as terminal segments of the facial nerves contain sensory fibers coming from CNV that provide these muscles with proprioceptive fibers, although individual differences may exist. The innervation of the facial muscles is summarized in Figure 2 [46] .
The facial muscles are devoid of proprioceptors, and therefore facial movements lack a conventional proprioceptive feedback system, which may be only in part vicariate by cutaneous afferents [10, 47] . Therefore, a putative facial proprioceptive system, if present, must be represented by other structures not identified yet.
Proprioceptors in facial muscles
In the middle of the last century, Kadanoff [48] investigated the innervation of the human facial muscles using silver impregnation techniques and observed numerous and varied morphotypes of sensory nerve endings in the facial muscles, especially in the perioral ones. Nevertheless, as far as we know, no typical muscle spindles have been found in the human facial muscles [49] [50] [51] [52] [53] More recently, Cobo et al. [54] have not found any morphological or immunohistochemical evidence for the presence of muscle spindles in two facial muscles, while they were regularly present in the masseter muscle. Conversely, one muscle spindle was found in the muscle orbicularis oculi in one pediatric specimen [55] , and abundant muscle spindles have been found in the platysma colli [56] .
Recently we have conducted a research focused to identify proprioceptors, other than muscle spindles, in human facial muscles [26, 54] . The identification of putative sensory receptors in the facial muscles was based on the following criteria: independence of the nerve trajectory, be placed in close relation to muscle fibers, display a morphologically differentiated aspect, and display immunoreactivity for any putative mechanoprotein (Figure 3) .
In no case were typical muscle spindles found, whereas in the masseter muscle (used as a control) typical muscle spindles were found (Figure 4) . In agreement with the above premises, we identified capsulated and non-capsulated corpuscle-like structures of variable size and shape containing numerous axon profiles complexly arranged, which resembled elongated or round Ruffini-like corpuscles (Figure 5) . 
Schematic presentation of the communications between CNV branches and the main divisions of CNVII to provide sensory innervation to the facial muscles. Data are based on the literature cited in the manuscript.
Given the morphologic heterogeneity of the corpuscle-like structures that fulfill the preestablished criteria we attempt to classify them into three types: type I, capsulated by a thin capsule and the glial cells variably arranged and showing different morphologies (Figure 6a) ; type II, partially capsulated (the capsule being continuous with the perimysium), with variable morphology, and in most of the cases the direction of the long axis was parallel to the one of muscular fibers (Figure 6b) ; and type III, non-capsulated and both the axon and Schwann-like cells are variably arranged (Figure 6c) . On the other hand, the relative density of proprioceptors in the facial muscles varied from one to another (Table 1) , the greater density being observed in the buccinator and orbicularis oris muscles, and the type II of proprioceptors being the predominating morphotype.
Longitudinal (a) and cross (b,c) sections of two typical muscle spindles in the human masseter muscle (arrows) containing a variable number of intrafusal muscle fibers. Nerve fibers supplying them display immunoreactivity for Schwann cells markers like S100 protein (d) and the putative mechanoproteins ASIC2 (e, arrows) and Piezo2 ( f, arrows).

Different morphotypes of corpuscle-like structures (arrows) identified immunohistochemically using axonal markers (a-e) and putative mechanoproteins ( f-l). In serial sections (k and l), apparent co-localization of two mechanoproteins in the axon is observed.
Figure 6.
Types of sensory structures identified in the facial muscles as observed using immunohistochemistry for neurofilament proteins.
Serial sections processed for the detection of neurofilament protein (NFP) and ASIC2 showing that a subpopulation of the axons in nerves supplying the facial nerves contains mechanoproteins (a,b). Nerves and capsulated corpuscle-like structures (types I and II) immunostained with anti-ASIC2 (c) or anti-Piezo2 (e,h) antibodies conjugated with Alexa fluor 488 (green fluorescence) and with anti-NFP antibody conjugated with CyTM3 (red fluorescence
All sensory modalities involve different ion channels, and at the basis of mechanosensibility are mechanically gated membrane ion channels [5, 57] . At present acid-sensing ion channel 2 (ASIC2), transient receptor potential vanilloid 4 (TRPV4), and Piezo2 have been detected in muscle spindles and are strong candidates to initiate the mechanotransduction in proprioceptors [57] [58] [59] [60] [61] . In the studies, we have carried out [54] regularly found is immunoreactivity for ASIC2, TRPV4, and Piezo2 in the axon of types I, II, and III facial sensory corpuscles, thus confirming that these structures may serve as proprioceptors (Figure 5f-l) . In serial sections (Figure 7a and b) with our use of double immunofluorescence and laser confocal microscopy (Figure 7c-j) , it was observed that a subpopulation of nerve fibers displays immunoreactivity for the putative mechanoproteins and that these proteins are localized in the axon of the sensory structures within the facial muscles, thus confirming their proprioceptive function.
Concluding remarks
The facial muscles are richly innervated by sensory fibers that form at the periphery of different types of sensory structures of variable complexity which express putative mechanoproteins and therefore can be regarded as proprioceptors. Conversely facial muscles lack typical muscles spindles. Presumably, the sensory fibers forming the facial muscle proprioceptors originate in CNV. Because of the high variability in the pattern of branching and distribution of CNVII as well as of their communications with other CNs especially CNV, a correct knowledge of the anatomy of those nerves to preserve it when performing surgical or medical procedures in the face is necessary since a disruption of these connections might alter facial muscle proprioception. These communications have clinical significance for recovery of damaged facial expression muscles, treatment of hemifacial spasm, and surgical procedures for facial reconstruction and neck dissection.
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